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Supplementary Method 1. Fabrication of sub-5nm by Controlled Dielectric Breakdown
The sub-5 nm solid-state nanopores were fabricated by controlled dielectric breakdown as demonstrated in the literature 1 . Free-standing SiN film with thickness of 10 nm supported on a silicon frame (Norcada, Canada) was mounted in a liquid cell, separating two reservoirs with 1M KCl buffered to pH 8 with 10mM Tris-HCl and 1mM EDTA as electrolyte. The bias voltage across the membrane was applied via a pair of Ag/AgCl electrodes connected to a labmade circuit, controlled by analogue data acquisition board (PCI-6251, National Instruments).
The breakdown voltage was set constantly with a typical value as 7.5 V, which would be adjusted according the leakage current. The leakage current under 7.5 V with our experimental condition is typically 10-50 nA. A threshold of current was set according to the expected nanopore size, estimated by the pore conductance based on a cylindrical pore model, as Equation S1
2, 3
) Figure S1 shows typical current trace during the fabrication. A rapid current increase caused by the breakdown event could be observed, indicates the initial formation of the nanopore.
After the breakdown, we hold the DC voltage which induce the continuously increasing of the ionic current, indicates the enlargement of the nanopore, until the current reach the set threshold. Once the nanopore with desired pore size is obtained, the lab-built circuit would be 2)apply a square wave voltage pulse to enlarge the nanopore till the expected nanopore size is reached. It should be noticed that in some cases, after the treatments mentioned above, the quality of certain nanopore devices might still cannot meet the requirement of the experiments.
In this case, those nanopore chips will not be used for the further experiments. The final pore size would be estimated by the conductance measurement based on Equation ES1 or/and transmission electron microscopy (TEM). We also noticed that the fabrication time, noise level of nanopores,and success rate of controlled dielectric breakdown, under our S3 experimental condition highly affected by the quality of SiN membrane and a differences between batches is obviously existed. 
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Supplementary Method 3. Details of the blockade current calculation
Ionic current blockade produced by the presence of the streptavidin inside the nanopore was computed using a theoretical model described elsewhere 4 . The nanopore dimension as well its shape were adjusted to match the experimental open pore current within the experimental error. First, the streptavidin was placed above the nanopore and gradually moved toward the centre of the nanopore. The schematic illustration of the movement of the streptavidin and the respective current are shown in Figure S8 . To avoid overlapping between the streptavidin and the nanopore wall, the streptavidin was finally placed 23 Å above the nanopore contraction and was randomly rotated while constraining its center of mass. For each orientation of the protein, we computed a 3D distance map at 1 Å resolution that specified the nearest distance to the protein or nanopore surface. The distance map was used to compute local ionic conductivity within pore; the pore's conductance was then determined by applying the Ohm law. 
